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SuLwiIzy 

Column and plate compres&..ve strengths of e$truded C+lXTA 
magnesium alloy ;Ere deterri_ned both within and beyond the ,elastic ' 
range from tests of flat-end H-section coltq-~ and from local- 
instability tests of H-, Z-, sd channel+zection CO~UZXS. These 
tests are part- of an extensive research investigation to provide 
da+& on the structural strzngtt of various-aircraft materials. L. -- 
The results are presented in.Zhe form of curves and charts that 
are suitable for use 73 the design and analysis. of aircraft 
structures. * 

Column and plate members that fail by instability are basic 
elements in .an'Qircraft ~struct-tie. For the design of structurally 
efficient aircraft, the stren$h of these elements must be knckvn 
for the various airczx.fS iXitkl%l~. -;ln ctiq&ve research program 
has therefore been unkrtaken at the Langley Xcmorial'Asronautical 
Laboratory to establish the column and ulate com~rsssive~strsngths 
of a number of the alloye available for-use in aircraft structures. 
The alloys already investixatcd include Z&S-T and 17S-: ~~~XGJXZU- 
alloy sheet and extruded 75%V.', &S-T, R:O3,T, and l&-T aluininum 
alloys (references 1 to 6, respectively). ._ , 

Because information on hi,nfi-strength xaghesiti. a?.loys 
comparable rsith ttmtt now avzilablc for slurtilrun alloys is needed, 
extruded 0-XTB magnesium a Lloy has been included in-the 
investigation. T'-Pz results of the tests to determine the column 
a.nd plate compressiv 2. strengths of.extruded C-lR‘l?A magnos~ium alloy '. 
are prcsonted herein. 

.-- 



length of colwnn . 

radius of gyration 

fixity coefficient used in SulcP column formula 

effective slenderness ratio of column 

wj&h and thickness, rwpcctivoly 
5 

of flange of H-, Z-, 
cm channel section (see fig. 1 

width and thickness, rcsi;ctiveI&, of wb of H-, Z-, or 
chnnnel section, (so0 fig. 1) 

kadius' of corner fiilet (see fig; 1) 

non&ensional. cocfficicnt used;r&.th & and .tlv in 
platetibuckling formula (see figs. 2 and 3 t-&en from 
rtiference 7) : 

modulus of elasticity in compression, taken ?-s 6saO ksi 
for extruded 0-lHTA magnesium alloy 

nondimensional coefficient (The value of T is so 
' determined that, &en the effective modulus of 

cJAsticity MC, is. substituted for E, in the 
cquaizion.for elastic buckling of colGr&ns, tha 
coq~utod critical stress agrees tith the. cqo@.ncntally 
obscxvcd value. The coefficient T is equal to unity 
within the elastic range and.decroascs vrith increasing 
stress beyond &Uhe elastic 'range;) 

nontinension~l cocffiolent for compressed plates 
corresponding to T fcir columns , 

l?oissonrs ratio, t&X as 0.3 for extruded 0-IHTA 
magnesium aLLoy 

critical comprc;ssive striss ' ; . 

avcrago comprassivc strcs.s at ryximum load '* 

coqrcssivo yield stress . 
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The specimens and methods of testing and analysis eqloyed 
to detertine the com~essive stress-strain curves and the column 
and ?late compressiw strengths 'FJcre stellar to those described 

-. 

in reference 6 ti~A the foi.lowing exceptions: 

In order to make the coqressive stress-strain tests of ___- 
single-t&tic-kness s9eci3ro~~, z edified Xontgaery-Templ?Ln t$,pe of 
comurcssien ftiure \s~ - t I-OK-A -& 2i.g. ,!L) utilizing grooved steel - 
plates to .suEort the spocde~ was used for most of the t&&s. 
The strains F;~-TC -was*?rc.d by means of either one or %o &e 
strain gages mounted :;t the zxidole of tie faces of tixo specimen 
(see fig= .>) antl ;Ir;?re rzccr&d. Lto~cther ylth the lo&d by 
au~ogrqhic icad-strzxn eqzi~nt. 

3e noti,nal cross-sectional c%ncmsFcns of all the flat-eAti 
coixom urcd to determine the 
In;; '2 1, 

colxn strength were + = 0.56 inch, 
37 inches, an2 tF =,o&?s ira - 

The coqxxssive stress-strain curves that apqly to the 
cxbded 0-lHTA mamxzsium allo> u&d in this investiga&on are 
cumxarizedinfigurc~, The variation in compressive yield stress 
choxn by the dashed cnrves indicates the maximum differenc6.s that 
;;erc found to exist bztxecn the average v-alu~:s cbtaincd at the ends 
of the different 2C-foot ex-Lrusions; only a single curve is shown 
7here the variation is ~~11~ The average value of ucy that 
s?pli.es to the cnti.re cross section of the flat-end !%soctfon 
columns is 3bo1 ksic The awragc values of .ucy eat qply to 
all the local-inctabflity tests are 3LJ ksi for the flange 
material and 33,l kei for the web material. 

The variation of compressive ;zosarties wer a cross section 
of Lhc largest oxtrusL.on is illustrated in figure 6, Each value 
of ocy represents the test results for a singl+thickncss .. 
com-oression spocimon cut from the section at the +sition 
ind!icated, Values of qz7 for the r,eb are someahat lov:er than 
those for the flange, Individual values for the web obtained 
frC8.3 tests of the other extrusions, hoxomr, mre in some imdanccs 
as high or slightly higher thsn those obkdmd in SGCIC qs%s of the 
flanyx, 
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Cohmn and Plato Com:,rossive Strengths 

l!?iSATNNo. 1156 . 

Bccansc the commlessivo wopcrties of an extruded magnesium 
Zl?,Oy i;lay Y,zl’tJ, the data ad clinri;a of the present paper sho~uld 
not Ix used for design pur~oscs for oxtr$sfcns of 0-lHTA m>gncsium 
aliuy that Ilaw awrecicbQr different coqrissive properties from 
those sqorted hcraix - unleaa On suiL&lc mctiod is devised for 
ad.justi:y; test results ta account i'or variations in mata5al 
progcrtios. (av2ragc vc,lues of cqcy f&it ap$l.y are given in 
round numbers in figs, 7, 3, ~tnd 10 +;o 13.) 

Chc results of the column and lnca~4.nstability ,t23ts of 
cxtrudcd O-JlHTA mqnesiwL alloy -aze sur~~~ized herein; a discussion 
of basic ralationships is givou in rofcrence 1, 

t:~~lzmn strength,- T~Q COLUG~ c-a-vc of figure '1 shozs the 
rasc&=j of ~~i&-f~~Z~~ F I-eection colx.mn;tests. The sxity 
coc.i.':l'iciont c w-as t:,kcn a~ual to 1: on tne basis of test results 
for flat-end al.~~ium-alloy CO~UXSS~ The test pints ,901~ thrco 
COll!mlI -busts -1 

( ,pE 
of about 10 

J 
zre not SIXWI-J because these 

columns devclo_?od local iast&ilitp aftei column buckling had =- 
occur,xled+ ThusJ the courage conq~essivo~strcus at w.ximum 
load "5 (about 39.5 ksi for these t:?$ee tcets) v&ld probably 1 
not rq:reaent the column strength if only column buckling had 
taken place c !In theso ix&x, homverg vzIsIbL3- column buckling 
was observed at a stress of &mrt 3k ksii andthe short-dashed line 
shovrn in Pi&we 7 (for values of A 

j?E 
from about 10 to 20) gives 

a conservative estimate of '3~ ~03.13~~ strength in this region. 
None of Lhe other columns developd local inste.bility, 

The ratio of letngth to crookedness Was greater then WOO in 
all ceses, (Crookedness is defined as the distance from a point _ 
at t?~o tidsoction of a CO~UWJ from a straight En13 dra:im :Jctveen 

corresponding points at the and sections icf tiE column,) Rome 
effect of column cw~~ature or imperfc;ction, hox?ver, is indicated 

L 
by the test values for -= of about i'l:znd 31 (see fig. 7) 
falling slightly below t!%"Eul.er cur-w, i 

'i;ho reduction of "uhc effective modulus of cZ..astIcity 1-Zc 
with'increase in stress is indicatc:d in figure & by the variation 
of 7 with, StrCsS. 

. _ 

* 
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to detextie the plate comwessivc strength aq given in 
tables 1, 2, and 3, resp&iveQ, The 5nsta‘uility of EAe plate 
~lenente of an I:-saction coI!xmn urder test is illustrated in 
figure. 9. 

The plate-tuckling crx~es, analogous tb the column curve Of 
figio 7r are s?3xn in f~g3-e lC, Tne reduction of the effec'tivo 
modclue of Gasticity for p'ratea $Zc fith increase in strecs is 
indicted by the v;ria",wn ol- p with stress, which 5s shown tith 
tha e-mm3 for T in fi,?u.r.> 5, The curves for bath 7 and r) 
dixm~o fr~51 untty at a stzo-ss below that for llhiti th&e is any 
I*-siblc divor~xxe of the si&ss --Etrtin curves from straight lines _ 
(see fig. 5) and iizticam sari0 ef%cts of initial c-urv-aturo or 
other COhJm or Isate xm33diiGfls. .___ 

--I:, :. ,e vx-iat,lon of tie actual critical stress G-+J xitil tile 
thoor&iti crftifixl stre6s qrpT) com?u-Izd for elastic buckling 
by mexs of the fm--& aI'ii c-A?TZS of fiprcs 2 and 3 is showi in 
fi,wz II, 

Tha data for I-;IsccaJ uroxs &zscribe slightly highor czrvcs +than 
those indicatzd for Z- and chzxxtzl soctisxs in figures 10 to IJo 
_S reason for somew3xct highor values of qLax -being ob%ained for 
H-sections than for Z- x-id chml se135ona for a gLven vcllue 
Of o-&77 (figG 13) may bs t'rxt -the fl;ingo material tends to be 
somc:ihat stronger th.w the ~-43 material (s3e fig, 6) znd forms a . 
hi@Ler -wrccntage of 'Ge total cross-section3 wea for tix3 
H-soctioz than for the 2- 31" chzzr~l sections4 The restits 
i_ndicatEd bz t;:;e in~&ttidLxc curpes obt~ed l?oz 3210 txo clzu33ol3 of 
section ,xro consistent wr.t& the conpra3lu rcmvl.ti for oxtxded 
~luminmn eUqf3 (refsrencsa 3 to 5) f or which tke i?Lkclp Til&~iJ wa0 
2lSO strcrzsr than t?tO W& ra?.t&?iLL. 
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TABIE l.-DDEWIOHSANDTESTIfESULT5?'ORH-SETIOH 

2; 5:: l99:W 
19.20 
19.35 
19.38 
19.27 
39.25 

32.9 33.3 
32.7 33.1 
32.8 33.2 
32.4 33.1 
29.0 30.2 

% 
2416 

g 
27:6 

242 27.4 
24.8 27.5 

29.5 P.2 
28.1 29.6 

S.8 27.6 
25.4 27.1 
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33 .I23 :% 2; 
a23 .lzl 2:37 
.=3 .lzl 2.3l 

*s; iKl en .I22 2.n 

:s: a22 2*37 .I23 2.n 
a3 .la 2.X .I22 .l22 2.37 

.lsr al 3.00 

-lx s-: % .l2l 3L-n 
.ll7 .la 3.00 .m aa 3.w .w .E?l 3.w .lll .ll7 :z E 
:S 22 3m .m 3m 



. . 

.‘T 

iE ml 
d-76 
&I9 885 
1% 
:Z 
857 .%l 

co 



Fig. 1 
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Figure 1. - Cross sections of H - , Z-, and channel- 
sect I on columns. 
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Figure 2.- Values of kw for H - section 
columns. (From reference 7. ) 



Fig. 3 
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Fiqur-e 3.- Values of kw for’ Z- and channel- 
section columns. (From reference 7.) 
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NACA TN No. 1156 Fig. 4 

(a) *Unassembled. 

: . 

. 

(b 1 Assembled. 

Figure 4.- Modified Montgomery-Templin type of compression 
fixture using grooved steel supporting plates. 
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Specimen loqtions 
I I 
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Fiqure 5.- Compressive stress-strain curves for extruded 0-IHTA 
magnesbm alloy for with-grab direction . 
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NATIONAL ADVISORY 
l COMMITTEE FOR AERONAUTICS 

Fiqure 6 .- Variation of co+wessive yield stvess 
over Q cross section of cm extruded 0-IHTA 
maqnesium alloy Id-section with web ar\d. 
flanges o&s inch thick. (Stress in bi.) . 
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w-e 7.- Column curve fbt- extruded 0-II-ITA maqnesium alloy obtained 
run tests of flat-end H-section cdumns.- t$ ,34-Ksi . 
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Figure 8.- variation of ramd.7 wifh dress 
for extruded 04HTA tmag nesium al lo / . 
For the cur* d’ Zj q9 (entire crosssect’h), x 34 si. 
Forthe curves ofq, &,(fhnge),34k~i ;~~(~9,33hsi. l 
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NACA TN No. 1156 Fig. 9 
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Figure 9.- Local instability of an HI-se‘ction column 
under test. 
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ngure IO.- Plate-buckling curves Car exhdsd 0-IHTA 
magnesium alloy obtained h-am tests of H-,Z-, and 
channel -section cohmns . cc,, (Flange),34 ksi ; C$ web),33 ksi. 



Fig. 11 NACA TN No. 1156 
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Figure II.- Variation of dw with qr/q for @a& ti extruded 
O-PITA magnesium alloy obtained from tests of fl-, Z-, 
and channel-section columns. @y (flanqe),34ki ; 
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6q(weQ,33ksi. 
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figure 12 .- variatim of c&with ~~~~~~~ for 
. plates of extruded 0-IHTA magnesium al lay 

obtained from test3 of H-&and channei - 
section columns . ~(Cl~ng~,34ksl;~~~e~33Ksi. 
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Fig. 13 NACA TN No. 1156 I 
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nqure 1% Variation of Smwith C&A for plates of extruded 
O-l HTA maqnesium alloy from tests of H-J-, and 
channel - section columns. dcy(flange),34Ksi; ~g$yd$33Ksi~ 


